Studies on growth models for productive character of sunn hemp are important to know the behavior of the culture. Therefore, the objective of this research was to adjust non-linear models, Gompertz and Logistic, in the description of productive traits of sunn hemp in two sowing periods. Two uniformity trials were performed. The evaluations began on October the 29 th 2014 and December the 16 th 2014, totaling 94 and 76 evaluation days for periods 1 and 2, respectively. After the emergence of the seeds of sunn hemp, for first period from 7 days after sowing, and from 2 to 13 days after sowing, on each day, they were collected randomly four plants. The traits: fresh matter leaf, stem, root, shoot, and total, and dry matter leaf, stem, root, shoot, and total. For both models the confidence interval was calculated of parameters a, b and c. The adjustment quality of the Gompertz and Logistic models was verified by the determination coefficient, the Akaike information criteria, residual standard deviation, mean absolute deviation, mean absolute percentage error and mean prediction error. The Gompertz model when compared between the sowing periods through the confidence interval of the parameters, for the productive traits, differs. The same result was found for the Logistic model. The growth models of Gompertz and Logistic presented good adjustment quality.
models in the description of cocoa fruit growth (Muniz, Nascimento, & Fernandes, 2017) . Therefore, studies on growth models for productive character of sunn hemp are important to know the behavior of the culture, but no work has been found in the literature. It is assumed that these models can adequately describe the productive characteristics of green and dry matter mass of leaf, stem, root, shoot and total of sunn hemp.
The objective of this research was to adjust the non-linear models, Gompertz and Logistic, in the description of the productive character of sunn hemp (Crotalaria juncea L.) at two sowing date.
Material and Methods
Two uniformity trials (experiments without treatments) were conducted with sunn hemp (Crotalaria juncea L.) during the 2014/2015 harvest, in an experimental area of the Department of Plant Science at the Federal University of Santa Maria, Rio Grande do Sul State. The sunn hemp seeds were sown on two periods, the first sowing period on October 22, 2014 and the second period on December 3, 2014. On both periods, was performed in rows 0.5 m apart with a density of 20 plants per row meter in a usable area of 52 m × 50 m (2.600 m²).
After the emergence of the seeds of sunn hemp, for first period from 7 days after sowing (October 29, 2014) , and from 2 to 13 days after sowing (December 16, 2014) , on each day, they were collected randomly four plants, totaled 94 and 76 evaluation days, respectively. The traits were evaluated fresh matter leaf (FML), fresh matter stem(FMS) fresh matter root (FMR), fresh matter shoot (FMSH = FML + FMS), the total fresh matter (FMT = FML + FMS + FMR), dry matter leaf (DML), dry matter stem (DMS), dry matter root (DMR), dry matter shoot (DMSH = DML + DMS), and total dry matter (DMT = DML + DMS + DMR). The leaf fresh matter leaf, stem and root in g were obtained by digital weighing, and the material was oven dried at 60 ºC with forced ventilation until constant weight was reached to obtain the dry matter leaf, stem and root.
For these productive traits, the Gompertz and Logistic models were fitted as a function of days after sowing (DAS).
The Gompertz model was given by the equation:
and, the Logistic model was given by the equation:
where, yi is the it observation of the dependent variable, with i = 1, 2, ..., n and n is number the observation; is the ith observation of the independent variable; a is the asymptotic value; b is a location parameter without direct practical interpretation but with importance for maintaining the sigmoidal shape of the model; c is associated with growth and indicates the rate of maturity or precociousness. The higher the value of c, the less time is required for the plant to reach the asymptotic value (a).
The Gompertz model, the inflection point (IP) was calculated by:
and,
maximum acceleration point (map):
maximum deceleration point (mdp):
and, yi = a·e (-0.3819) 
asymptotic deceleration point (adp):
and, yi = a·e (-0.1657) (10)
where, a, b, and c are model parameters, and e is the base of the neperiano logarithm (Mischan & Pinho, 2014) .
Also, the Logistic model, the inflection point (IP) was calculated by:
and, asymptotic deceleration point (adp):
Subsequently, the comparison between the growth models adjusted for the traits evaluated, adopted the criterion of overlapping the confidence intervals of the parameters estimated for each model. For this, a growth curve was adjusted for each traits, obtaining the limits of the confidence intervals at 100 × (1 -α) for the parameters. The comparison will be made by checking whether or not the respective intervals coincide. For example, to compare the epochs for the same traits, when at least one parameter estimate of a traits for a given period contained in the confidence interval of the same traits parameter of another period, they do not differ. However, if none of the estimates are contained in the confidence interval of the other, the parameter estimates differ between them. Statistical software R (R Development Core Team, 2017) was used for this analysis.
The following parameters were utilized to evaluate the goodness of fit of the Gompertz and Logistic models: coefficient of determination:
where, SQR is the sum of residue square, SQT is the sum of total square, the best model had the highest R² value; Akaike information criterion:
where, ln (σ²) is the logarithm of the variance model, p is parameter of model, and n is number of parameters model, the best model had the lowest value; standard deviation of the residuals:
where, MSE is the mean square error, the lower the QMR value, the better the fit of the model; mean absolute deviation:
the lower the value, the better the fit of the model; mean absolute percentage error: 
measures the adherence of the estimated data to the obtained data (Maia et al., 2009) . The calculations were performed with the help of Microsoft Office Excel® application and software statistic R (R Development Core Team, 2017).
Results and Discussion
After the Gompertz and Logistic models were established, their suitability was investigated based on the residues. But for the traits FML, FMR, and DMR at the first period, and the traits FML and DML in second period, were transformed through Box-Cox transformation to which these assumptions were met.
By means of the Shapiro-Wilk test, the assumption of residual normality was met in both models for both sowing periods, since this test had a p-value greater than 0.05 for all traits studied. For the test Breusch-Pagan, also based on p-value, it can be inferred that the residual variances were homogeneous in all the traits of the two sowing periods (p > 0.05). Through the Durbin-Watson test, with significance level of 5%, it was found that the residues attended the inde pendence assumption (p < 0.05) for all traits in two sowing periods (Table 1) . Note. * FML = fresh matter leaf; FMS = fresh matter stem; FMR = fresh matter root; FMSH = fresh matter shoot and FMT = total fresh matter; DML = dry matter leaf; DMS = dry matter stem; DMR = dry matter root; DMSH = dry matter shoot and DMT = total dry matter. Therefore, the Gompertz and Logistic models are suitable for adjusting the productive traits of sunn hemp. In study on nonlinear models for description of cacao fruit growth with assumption violations, Muniz et al. (2017) , verified the importance of performing the residual analysis.
For the comparison of the model parameters estimates between sowing periods, the criterion of overlapping the confidence intervals of the parameters estimates for each model was used. It is observed that for the Gompertz model to FML, the estimate of the parameter a in first period was 49.32. This estimate was higher than the LI and less than the LS 95% of the estimate parameter a in second period, that is, is with in 95% of the estimate of the parameter a at the second period. The estimate of the parameter a at the second period was 49.36. This estimate was higher than the LI and less than the LS 95% of the parameter estimates a in the first period, or is with in 95% of the parameter estimates a in the first period. Therefore, the estimates of the parameter a of the periods do not differ to a 5% probability (non-significant effect). However, for the parameters b and c it is observed that there was a significant difference (Table 2) . Note. ** FML = fresh matter leaf; FMS = fresh matter stem; FMR = fresh matter root; FMSH = fresh matter shoot and FMT = total fresh matter.
To estimate the parameter a significant effect for the traits FML, FMS, FMSH and FMT; to b significant effect parameter to the traits FMS, FMSH and FMT; and c significant effect parameter to the traits FML, FMS, FMR, Note.
* DML = dry matter leaf; DMS = dry matter stem; DMR = dry matter root; DMSH = dry matter shoot and DMT = total dry matter. Therefore, it is concluded that for the Logistic model, the parameter estimates a, b and c of periods differ at 5% probability. This, as for the traits of mass of fresch matter, also, it is concluded that the sowing periods have influence on the mass production of dry matter.
Thes setting quality criteria of the Gompertz and Logistic models are very important to compare which is the best model. It is observed that for the traits of FML, FMS, FMR, FMSH and FMT for the first period, the values for criteria R, AIC, DPR, DMA and MAPE were similar for both models, indicating that in order overall, there was a good adjustment of the models. For the EPM evaluation criteria, the values differed between the adjusted models and between the sowing periods for both the fresch matter mass and the dry matter mass of the traits (Table 4) .
However, for second period, the quality of fit of the models was lower in relation to the characteristics of first period. It can be inferred that in second period, when sowing of the sunn hemp was later, flowering occurred at 88 DAS, that is, it had a lower cycle when compared to first period, when flowering occurred at 100 DAS, and this may have contributed to the quality of fit of the models. Similar results were observed for the traits DML, DMS, DMR, DMSH and DMT (Table 4) . Table 4 . Criteria for evaluation the quality fit: coefficient of determination (R²), Akaike information criterion (AIC), standard deviation of residuals (SDR), mean absolute deviation (MAD), mean absolute percentage error (MAPE), and mean prediction error (MPE) for Gompertz and Logistic models, for traits productive of mass of fresch matter , using days after sowing during two sowing periods Note. * FML = fresh matter leaf; FMS = fresh matter stem; FMR = fresh matter root; FMSH = fresh matter shoot and FMT = total fresh matter; DML = dry matter leaf; DMS = dry matter stem; DMR = dry matter root; DMSH = dry matter shoot and DMT = total dry matter.
According to Moura , Souza, Silva, Soares, Carmo, and Brandão (2011) , a study on the growth Expolinear models, Logistic and Gompertz on the dry matter accumulation of cultures feijão-cowpea and maize found values of the coefficient of determination higher than 0.97 for all models using as a variable independent DAS; Prado et al. (2013) studied the growth of fruit dwarf coconut, compared Logistic and Gompertz model, according to the following set of criteria: the adjusted coefficient of determination (R²aj), the residual standard deviation (RSD) and Akaike information criterion (AIC), Reis, Cecon, Puiatti, and Finger (2014) comparing five non-linear regression models to describe the accumulation of different dry mass of garlic over time and Lúcio, Sari, Rodrigues, Bevilaqua, Voss, Copetti, and Faé (2016) , a study on nonlinear models for estimating cherry tomato yield. Thus, these works are in line with the research objective, adjusting the Gompertz and Logistic models for the productive traits of sunn hemp.
In Figures 1, 2, 3 and 4 are presented mented the growth curves and the corresponding equation and is the inflection point (IP) the models of Gompertz and Logistic in the two sowing periods. Vol. 10, No. 1; 2018 managements efficiently. Then, the curve starts to stabilize the growth, at which point the maximum deceleration point (mdp) occurs, stabilizing the growth until reaching the point of asymptotic deceleration (adp), at this stage the crop reaches flowering. Therefore, all these points are important for future projections and for planning activities with culture.
Conclusions
The Gompertz and Logistic models compared between sowing periods through the parameters of the confidence intervals for the traits fresch matter mass and dry matter mass leaf, stem, root, shoot and total differ.
The Gompertz and Logistic models, adjusted to fresch matter mass and dry matter mass data showed good ft.
